INTRODUCTION
This article includes a series of methods for culturing the moss Physcomitrella patens at all stages of its life cycle. Gametophytes are axenically cultured on solid agar-based media and in shaken liquid cultures. For long-term storage of gametophytes, cultures are maintained on solid medium at 10°C in a very short day. Cryopreservation may also be used. Finally, sporophytes are generated by self-fertilization and sexual crossing.
RELATED INFORMATION
The methods for growth of gametophytes on solid medium were adapted from Grimsley et al. (1977) . The method for cryopreservation was adapted from Grimsley and Withers (1983) . The method for production of sporophytes and isolation of spores was adapted from Ashton and Cove (1977) . For more information about P. patens as a model organism, see The Moss Physcomitrella patens: A Novel Model System for Plant Development and Genomic Studies (Cove et al. 2009 ). (Courtice and Cove 1978) . ii. For somatic tissue, place a clump of gametophyte tissue (usually 1-2 mm in diameter) on the agar. The size of the clump is not critical. However, for growth tests, the clumps should be as uniform as possible, and uniformity is best achieved by picking the tissue while looking through a microscope. 
Reagents <R>BCD medium (liquid and solid) containing common moss media supplements as necessary

Cold Spring Harbor Protocols
Using Petri Dishes Containing Solid Medium Overlaid with Cellophane
4. Overlay a Petri dish containing appropriately supplemented solid BCD medium with a sterilized cellophane disk. Allow the dish to stand for at least 10 min to allow the cellophane to hydrate, and then, if necessary, straighten the disc while maintaining sterility.
5. Obtain one dish of protonemal tissue from plants that have developed for~10 d from tissue-clump inocula growing on appropriately supplemented BCD medium (see Steps 1-3). Harvest the tissue with a spatula as shown in Figure 1A .
6. Add the tissue to 10 mL of H 2 O, and blend it for~2 min. 
For an image of 6-d-old protonemata grown under these conditions, see Figure 1B. For a wild-type culture, each 90-mm-diameter Petri dish will yield~200 mg (fresh weight) of vigorously growing protonemal tissue, consisting mainly of chloronemata.
9. Harvest the tissue by scraping it from the cellophane using a sterile spatula.
Once tissue is growing on cellophane, it is convenient to use this tissue (instead of the tissue described in
Step 5) for further inocula by repeating Steps 6-9. However, do not repeat this cycle more than three times.
Using Liquid Medium
Growth rates in shaken liquid cultures are not as great as those obtained on solid media or in bioreactors (Boyd et al. 1988 
10.
Add tissue from one cellophane-overlay plate (see Steps 4-9) to 10 mL of H 2 O and blend as described in Step 6.
11. Inoculate 200 mL of appropriately supplemented liquid BCD medium (in a 1-L Erlenmeyer flask) with 2 mL of the tissue suspension from Step 10.
Other quantities of the liquid BCD medium and/or the tissue suspension may be used instead.
12. Shake the cultures on a platform shaker at 25°C under continuous white light.
Vigorous agitation is not necessary for growth. In these conditions, tissue weight doubles in 3-4 d.
Procedure II: Long-Term Storage of Gametophyte Tissue
Storage on Solid Medium 13. Place a clump of gametophyte tissue (usually 1-2 mm in diameter) in each 2-mL plastic tube containing 1.5 mL of agar medium (usually, appropriately supplemented solid BCD medium).
14. Make sure that the lids are not tightly sealed. For screw-cap lids, tighten the cap and then release it about one-quarter of a turn.
15.
Grow the cultures for~3 wk in an incubator at 25°C with continuous white light at intensities between 5 and 20 W/m 2 .
16. After 3 wk, tightly seal each tube. If the tube has an air-tight seal, this is sufficient; if it does not, seal the tube with Parafilm.
17.
Transfer the tubes to an incubator at 10°C with a 2-h light/22-h dark cycle (with white light at intensities between 5 and 20 W/m 2 ) for long-term storage.
Cultures can be kept in a healthy state for at least 3 yr under these conditions. Cryopreservation 18. For each strain to be preserved, grow gametophyte tissue as described in Steps 4-8. After 7 d of incubation, transfer 100 mg of tissue onto a Petri dish overlaid with fresh cellophane. Pipette 1 mL of appropriately supplemented liquid BCD containing 500 mM of mannitol onto the surface of the tissue. 20. To each of ten 2-mL sterile plastic vials, add 1.5 mL of DMSO-glucose solution. Then add one-tenth of the tissue on the plate to each vial. Incubate the vials for 1 h at 20°C.
21.
Freeze the vials at a rate of 1°C per minute to −35°C using a controlled low-temperature ethanol bath.
22. Place the vials in liquid nitrogen for storage. 
33.
Repeat the irrigation procedure as described in Step 31.
34.
After 24 h, decant excess H 2 O. Place the culture for 2-5 wk at 15°C under an 8-h light/16-h dark cycle.
After this incubation period, sporophytes will have developed.
35.
Use fine forceps to harvest pale brown sporophytes by separating them from the gametophytic material. Do not take the green or yellow sporophytes (these are immature) or the dark brown sporophytes (these burst easily).
36. Pinch the base of the seta, which can be identified by a zone of pigmentation, to release the spore capsule.
Each capsule of a mature sporophyte contains 1 × 10 3 to 4 × 10 3 viable, haploid, uninucleate spores.
37.
Place one or more sporophytes in a sterile 1.5-mL microcentrifuge tube. Sterilize the sporophytes by adding 1 mL of 70% ethanol and incubating for 4 min at room temperature.
38. Remove the ethanol. Gently rinse the sporophytes three times with 1 mL of H 2 O at room temperature.
39. Add 1 mL of H 2 O, and place the tube for 7 d in the dark at 4°C.
This step increases spore germination, but some spores will germinate if this step is omitted.
40.
Crush the sporophyte capsules and mix to produce a spore suspension.
Any residual sporophytic tissue will not regenerate and can be ignored. The spore suspension may be kept for several weeks at 4°C.
www.cshprotocols.org
